INTRODUCTION
Cardiac tamponade is a life-threatening condition in which the accumulation of fluid within the pericardial sac causes compression on the heart chambers and impairs their filling.
1 Pericardial effusions resulting in cardiac tamponade can occur from a number of causes, including pericarditis, malignancy, acute myocardial infarction, end-stage renal disease, congestive heart failure, collagen vascular disease, and both viral and bacterial infection.
2 Hemopericardium and resulting tamponade can result from any form of chest trauma, free wall rupture following myocardial infarction, retrograde bleeding into the pericardial sac following a type A aortic dissection, and as a complication of any invasive cardiac procedure. [3] [4] [5] In this report, we describe a rare case of cardiac tamponade as a result of hemopericardium in a patient with a markedly elevated International Normalized Ratio (INR), which was rapidly diagnosed using bedside emergency department (ED) ultrasound.
CASE REPORT
A 54-year-old male with a medical history significant for diabetes, hypertension, and atrial fibrillation on warfarin presented to the ED following a syncopal episode, while having his blood drawn in an outpatient laboratory located within the hospital. The patient reported feeling light-headed and dizzy during the procedure, followed by a witnessed loss of consciousness occurring while seated and lasting for one minute. The patient did not fall nor sustain any trauma. Upon regaining consciousness, he continued to feel lightheaded and weak. He denied chest pain, shortness of breath, or palpitations prior to the event. He was transported from the laboratory to the ED by wheelchair, arriving approximately 15 minutes after the syncopal episode.
On physical examination, the patient appeared well-hydrated, awake and alert and in no acute distress. Vital signs revealed an oral temperature of 97.9° F, a pulse of 92 beats per minute, a blood pressure of 100/60 mm Hg, and respirations of 22 breaths per minute with an oxygen saturation of 97% on room air. Jugular venous distension was noted on neck examination. Examination of the chest did not reveal ecchymosis or evidence of trauma. The lungs were clear to auscultation, and cardiac exam revealed distant heart sounds. Peripheral pulses were palpable but weak. A peripheral intravenous line was placed and blood was sent for laboratory testing, which was significant for a creatinine of 2.1 mg/dL (normal range <1.3), lactic acid 2.7 mmol/L (normal range 0.7-2.1), hematocrit 36%, and INR 6.0 (therapeutic range 2.0-3.0). A 12-lead ECG demonstrated low-voltage most prominent in leads I, II, III, aVL, aVF, and V 1 ( Figure 1) . A portable chest radiograph was remarkable for cardiomegaly ( Figure 2 , panel A), compared to a portable chest radiograph obtained from the same patient four months earlier during an ED evaluation for chest pain (Figure 2, panel B) . The emergency physician (EP) performed a bedside cardiac ultrasound, which revealed a large pericardial effusion (Figure 3 ; echo-free space >20 mm, corresponding to >700 mL effusion).
While in the ED, the patient was given one liter normal saline intravenously, vitamin K 10 mg subcutaneously and an infusion of 2 units of fresh frozen plasma were administered to reverse the coagulopathy. A portable echocardiogram was performed, which again demonstrated a pericardial effusion along with right ventricular collapse, indicative of cardiac tamponade. The patient was admitted to the Intensive Care Unit (ICU) and stabilized, and on the following day the cardiologist performed a pericardiocentesis in the cardiac catheterization laboratory. Pericardiocentesis resulted in the removal of a 1,100 mL of bloody fluid from the pericardium and marked improvement in the patient's hemodynamic status. Pericardial fluid analysis showed no evidence of infection or malignancy. The patient was discharged home on hospital day #8, with instructions to discontinue warfarin therapy. Repeat echocardiograms at discharge and three weeks later both demonstrated a very small pericardial effusion without signs of tamponade.
DISCUSSION
In this report, we describe a rare case of cardiac tamponade caused by hemopericardium in a patient with a markedly elevated INR, presenting to the ED as syncope. Hong et al. 6 described the case of a 70-year-old male on warfarin for mitral valve replacement presenting to the ED with cardiac tamponade. The patient's INR was 7.5, and urgent pericardiocentesis and pericardiotomy resulted in the drainage of 1,300 ml of pericardial blood. Katis 7 reported a case of hemopericardium in a patient on warfarin therapy for pulmonary embolus, with the hemopericardium initially diagnosed by computed tomography of the thorax. In this case, the patient's initial INR was 3.5, and the patient was hemodynamically stable on presentation (blood pressure 150/80 mm Hg) with a bedside echocardiogram later confirming presence of a large pericardial effusion and right atrial inversion with right ventricular diastolic collapse (suggestive of cardiac tamponade). Finally, Lee et al. 8 described the case of a 67-year-old male receiving warfarin therapy for vertebral basilar insufficiency with hemopericardium, an elevated prothrombin time and transthoracic echocardiographicevidence of cardiac tamponade. These cases demonstrate that over-anticoagulation with warfarin may contribute to certain complications, including hemopericardium. To our knowledge, our case is the first report of cardiac tamponade from hemopericardium in a patient on warfarin for atrial fibrillation without a history of cardiac surgery, with the resulting pericardial effusion initially diagnosed by bedside ED ultrasound.
Cardiac tamponade is a true emergency that occurs when accumulation of fluid within the pericardium causes intrapericardial pressure to exceed cardiac chamber diastolic pressure, preventing cardiac filling.
9 Three factors determine the acuity of the clinical presentation: volume of fluid, rate at which the fluid accumulates, and pericardial compliance. If the fluid accumulates rapidly or if the pericardium is pathologically stiff, then relatively small amounts of fluid can result in marked elevations in pressure.
9 Rapidly evolving hemopericardium (200 to 300 ml) is more likely to cause death from cardiac tamponade than slowly evolving pericardial fluid accumulation (500 to 2000 ml), the latter allowing for accommodation of greater volumes due to gradual distension of the pericardial sac. 10 The normal volume of pericardial fluid (30 to 50 ml) reflects a balance between production and reabsorption.
10
Symptoms of tamponade include but are not limited to dyspnea, tachypnea, and fatigue, while common signs include tachycardia, jugular venous distension, a quiet precordium, hypotension, and pulsus paradoxus (inspiratory drop in systolic blood pressure of 10% or 10 mm Hg).
9,11 Although a pericardial rub typically disappears when an effusion develops, a rub caused by pericardial-pleural friction may still be present and is typically heard best on inspiration.
9
The Kussmal sign, a paradoxical rise in jugular venous pulse with inspiration, may also be seen but is not specific for tamponade, as it is also present in cases of constrictive pericarditis, restrictive cardiomyopathy, and right ventricular infarction.
11 A relatively easy way to detect pulsus paradoxus at the bedside is to see if the pulse oximeter wave amplitude decreases with inspiration.
12
Chest radiographs and ECGs cannot be relied upon to make the diagnosis of cardiac tamponade, as findings are not specific or may not even exist.
13 Chest radiograph may demonstrate cardiomegaly or a cardiac silhouette in the shape of a water bottle. Electrocardiograms in cardiac tamponade may show low-amplitude QRS complexes signifying low voltage, or in up to 10-20% of cases may reveal the more specific finding of electrical alternans caused by "swinging" of the oscillating heart in the buoyant pericardial sac.
13
Echocardiography is the primary diagnostic method for initial detection of pericardial effusion, and can be rapidly carried out at the bedside by EPs.
14,15 Pericardial fluid first accumulates posterior to the heart, when the patient is examined in the supine position. 13 As the effusion increases, it extends laterally and with large effusions the echo-free space expands to surround the entire heart. The size of the effusion may be graded as small (echo-free space in diastole <10 mm, corresponding to approximately 300 ml), moderate (10-20 mm, corresponding to 500 ml), and large (>20 mm, corresponding to >700 ml).
16 When the ability of the pericardium to stretch is exceeded by rapid or massive accumulation of fluid, any additional fluid causes the pressure within the pericardial sac to increase. When the increasing intrapericardial pressure exceeds the intracardiac pressure, the positive transmural pressure gradient compresses the adjacent cardiac chamber or chambers.
14 Right atrial inversion (during ventricular systole, while the atrium is relaxed) is usually an early sign of compression, followed by diastolic compression of the right ventricular outflow tract.
There is no effective medical therapy for cardiac tamponade; however, intravenous fluids may be of transient benefit if the patient is hypovolemic.
9 Inotropic agents do not add to the intense endogenous adrenergic stimulation since the heart rate and cardiac contractility will already be at a maximum.
9 If the patient is unstable, immediate relief of tamponade by percutaneous subxiphoid aspiration is required. This procedure, which has been studied using a percutaneous pericardial catheter drainage (PCD) technique in the ED for patients with nontraumatic hemopericardium, 17 uses an 8-cm, 18-gauge needle inserted between the xiphoid process and the left costal margin, aimed toward the left shoulder under ultrasound guidance. When the pericardial sac is entered a guide wire is advanced through the needle, followed by an 8.5 French pericardial catheter. 17 In hemodynamically-stable patients, echocardiography-guided pericardiocentesis or pericardiocentesis performed in the cardiac catheterization lab under fluoroscopy is the treatment of choice.
9,11 A catheter is usually left in the pericardium to continue draining any recurrent effusion. Surgical drainage employing either a subxiphoid window or an open thoracotomy is also an option.
Vitamin K and fresh frozen plasma are useful agents in achieving reversal of a supratherapeutic INR in patients who have active bleeding or require invasive procedures. The use of vitamin K in patients with warfarin overanticoagulation lowers excessively elevated INR faster than withholding warfarin alone. As vitamin K administration via the intravenous route may be complicated by anaphylactoid reactions, and via the subcutaneous route by cutaneous reactions, oral administration is preferred.
18 A dose of 1-2.5 mg of oral vitamin K reduces the range of INR from 5.0-9.0 to 2.0-5.0 within 24-48 hours, while for an INR>10.0, a dose of 5 mg may be more appropriate.
18 The usual dose of fresh frozen plasma for reversal of an elevated INR is 15 mL/kg (approximately 3-4 units of plasma in the averagesized adult).
19 Potential drawbacks to the use of freshfrozen plasma include prolonged period of time to thaw and administer, increased risk of volume overload, and a potential carrier of infective agents.
19
One complicated facet of the management of cardiac tamponade involves the timing of pericardiocentesis. 20 In our case, the patient was stable enough to allow for reversal of the coagulopathy with fresh frozen plasma and vitamin K prior to pericardiocentesis. But if the patient had decompensated more quickly in the ED, an emergent pericardiocentesis may have been necessary, with the associated bleeding risk due to the markedly elevated INR. Although only anecdotal reports exist regarding the use of recombinant factor VII and prothrombin complex concentrates (PCC) to rapidly reverse coagulopathy in the setting of life-threatening hemorrhage, the use of these novel agents could have been considered in the scenario described above. 21, 22 
